In this paper, we investigate the global stability of an SEIR (Susceptible-Exposed-Infected-Remove) epidemic model with infectious force under intervention strategies. To address this issue, we prove that the basic reproduction number 0 R plays an essential role in determining whether the disease extincts or persists. If 0 1 R ≤ , there is a unique disease-free equilibrium point of the model which is globally asymptotically stable and the disease dies out, and if 0 1 R > , there exists a unique endemic equilibrium point which is globally asymptotically stable and the disease persists.
Introduction
As we all know, infectious disease has been ravaging human beings for thousands of years. In the long history, infectious disease has brought many disasters to human beings. For a long time, people have been fighting various infectious disease, and many methods have been used to study the spread of infectious disease, such as to control and eliminate infectious disease. Since the pioneer work of Kermack and McKendrick [1] , mathematical models have been contributing to improve our understanding of infectious disease dynamics and helping us develop preventive measures to control infection spread qualitatively and quantitatively [2] [3] . The effect of intervention strategies, such as border screening, mask wearing, quarantine, isolation or communications through the mass media, How to cite this paper: Zhou, M.M. and Zhang, T.S. (2019) Global Analysis of an SEIR Epidemic Model with Infectious Force under Intervention Strategies. Journal of Applied Mathematics and Physics, 7, plays an important role in administering efficient interventions to control disease spread and hopefully eliminate epidemic disease [4] - [9] .
In recent years, a number of mathematical models have been formulated to describe the impact of intervention strategies on the dynamics of infectious disease [4] - [11] . Tang and Xiao indicate that strict interventions have been taken in mainland of China to slow down the initial spread of the disease [10] [12] , and awareness through media and education plays an important role in changing behavior or contact patterns, and hence in limiting the spread of infectious disease [9] .
In particular, Wang [4] formulates and analyzes an SIRS (Susceptible-Infected-Remove-Susceptible) epidemic model to study the impact of intervention strategies on the spread infectious disease and find that intervention strategies decrease endemic levels and tend to simplify diseases. In this article, we analyze the SEIR epidemic model to study the impact of intervention strategies on the spread of infectious disease.
In real life, epidemic tends to have an incubation period, as susceptible to infection after contacting with infected people. First of all, carrying virus, the virus is not immediately, but after a period of time, to onset and into the herd of infected people. In this paper, we mainly focus on the global stability analysis of the steady states for an SEIR epidemic model with infectious force under intervention.
We consider the global properties of this SEIR model and show that if the basic reproduction number 0 1 R ≤ , the disease-free equilibrium point is globally asymptotically stable, while if 0 1 R > , the disease-free equilibrium point is unstable and the unique endemic equilibrium point is globally asymptotically stable.
The rest organization of this article is arranged as follows: In Section 2, we present the model. In Section 3, we illustrate the main results and proof the main results in details. In Section 4, we provide the application of the results to SEIR model with infection force under intervention policy to support our findings. In the last section, we provide a brief discussion and summary of the results.
Model Derivations
We propose a deterministic SEIR epidemic model with infectious force. The model is given by
where S, E, I and R denote the number of susceptible, exposed, infective and recovered individuals at time t, respectively, and
All parameters are positive with A: the recruitment rate of the population; µ : the nature death rate of the population; q: the constant rate such that the exposed individuals become infective; δ : the disease inducing death rate; γ : the natural recovery rate of the infective individuals. 
represents the effect of intervention strategies on the reduction of valid contact coefficient β [4] . It is worthy to note that, in the absence of intervention strategies, i.e. ( ) 1 f I = , the incidence rate becomes the well-known bilinear transmission rate SI β . To ensure a nonmonotonic infection force, we make the following assumptions [2] :
In epidemiology, these assumptions describe the effects of intervention strategies determining by a critical value ζ : if 0 I ζ < < , the incidence rate is increasing, while if I ζ > , the incidence rate is decreasing. Thus we can establish the following SEIR epidemic model:
Since R does not appear in the first three equations of system (2), it can be Journal of Applied Mathematics and Physics reduced to the following three-dimensional system ( )
where the state space is in the first quadrant
It follows from system (3) that:
Hence, by integrating the above inequality, there is
The feasible region for system (3) is thus a bounded set Γ :
The region Γ is a positive invariant set for model (3) . Moreover, every trajectory of model (3) eventually stays in a compact subset of Γ .
Main Results and Proof of Main Results
In this section, we give main results and the proof of main results.
all parameter. A main concern of deterministic epidemic model is to find conditions when a disease introduced into a community can develop into a large outbreak, and if it does the disease may become endemic. A useful threshold in this regard for deterministic models is called basic reproduction number 0 R .
, system (3) can be written as [15] ( ) ( )
where Journal of Applied Mathematics and Physics ( )
The jacobian matrices of (9) at the disease-free equilibrium point are
So the next generation matrix of model (3) is
and the spectral radius of 
By applying the Lyapunov-LaSall asymptotic stability theorem [17] [18], we conclude that 0 P is globally asymptotically stable if 0 1 R ≤ .
which has an eigenvalue 0 µ − < . Denoted by ( ) 0 .
We find that when 0 1 R > , 
Integrating from 0 t to t on both sides of (6), we have
Since the front set Γ has a boundary, S, E and I must have boundaries, and their derivatives are bounded, which means that V is uniformly continuous.
Thus, the unique endemic equilibrium point * P of model (3) is globally asymptotically stable. This completes the proof.
Applications and Numerical Simulations
In this section, we choose the function ( )
.
which was proposed by Xiao and Ruan [5] . Then the model (3) becomes
It is easy to verify that the function ( ) Using the arguments in section 3, we can obtain the following results. We know that , , , , q µ β δ γ are greater than 0 and less than 1, so we selected some data for numerical simulation. After many numerical simulation experiments, we have selected the following data with good interpretation.
Let As is shown in Figure 1 , the curve S starts to go up very quickly, goes down at a certain value and then tends stabilize. The curves E and I go up at a certain value and flatten out. This suggests that the disease is present. Figure 1 shows that when 0 1 R > , the endemic equilibrium point * P exists and is globally asymptotically stable, which is consistent with the previous conclusion.
Next, we choose some other parameter values: . We have 0 0.9523 1 R = < . As shown in Figure 2 , the curve S rises rapidly, reaches a certain value and then flattens out. While the curves E and I monotonically decrease and go to zero which indicate that the disease disappears over time. Figure 2 reflects that the disease dies out and the disease-free equilibrium point 0 P is globally asymptotically stable. Figure 1 . The path of ( ) ( ) ( ) , , S t E t I t for the model (7) with initial values ( ) 0.7,0.2,0.1 , 0 1.333 1 R = > . Figure 2 . The path of ( ) ( ) ( ) , , S t E t I t for the model (7) with initial values ( ) 2,1,0.5 , 0 0.953 1 R = < .
Brief Summary
In this paper, we consider the global stability of an SEIR epidemic model with infection force under intervention strategies. We suppose that the infection force can be factorized into ( ) I f I β , where ( ) f I satisfies some conditions, and we use the regeneration matrix to obtain the basic reproductive number 0 R . We also proved the existence of the equilibrium point. We prove that if 0 1 R ≤ , there exists only the disease-free equilibrium point which is globally asymptotically stable; if 0 1 R > , there is a unique endemic equilibrium point and the endemic equilibrium point is globally asymptotically stable.
